1. Introduction
===============

The treatment of T1 colorectal cancer (CRC) has become more and more important over the years. In the past, there were few cases in which it was possible to make a diagnosis at this stage, while today it is more frequent their occurrence, thanks to the implementation, in some western and oriental countries, of screening and awareness campaigns for the population.^\[[@R1]\]^ The issue concerning T1 is when to consider a local treatment, such as endoscopic resection, curative or when it is necessary a radical resection. Among the resected CRCs, 3% to 8.6% are found at the T1 stage^\[[@R2]\]^ and 10% of them with local or distant metastases.^\[[@R3]\]^ The incidence of local or distant recurrences of CRC depends mainly on the possible dissemination at the nodal level of the disease^\[[@R4]\]^ and this is the reason why the radical intervention and the resulting regional lymphadenectomy are necessary both for a more accurate pathological staging and to guarantee the radical nature of the treatment.^\[[@R5]--[@R7]\]^ On the other hand, a large part of T1 neoplasms is still at a localized stage of the disease at the time of resection.^\[[@R8],[@R9]\]^ In the United States, the local treatment rate of T1 CRCs increased from 26.6% in 1989 to 43.7% in 2003.^\[[@R10]\]^ This confirms how it is becoming increasingly important to be able to identify the most appropriate treatment for every single case. To date, a histopathologic ultrastaging of resected polyps is carried out to make a decision, classifying them in polyps at high and low risk of lymph node diffusion. For those at low risk, as an alternative to standard radical surgery, it is possible to proceed with follow-up (NCCN Guidelines Version 4.2018). Despite numerous studies in the literature aimed at selection of the histopathological features able to predict the nodal spread, no consensus has been reached^\[[@R11]\]^ and the value of specificity is increasingly a problem of these predictors.^\[[@R12]\]^ The sentinel lymph node (SLN) procedure, with which the lymph node stations that directly drain the tumor mass are studied in detail, could be a solution. The SLN concept was first described in 1960 in parotid cancer.^\[[@R13]\]^ It was clinically implemented by Cabanas in 1977 in penile cancer.^\[[@R14]\]^ In breast cancer and melanoma has been investigated,^\[[@R15],[@R16]\]^ and it has been also proposed to accompany endoscopic dissection of early gastric cancers in order to enhance functional outcome by minimizing the extent of surgical resection.^\[[@R17],[@R18]\]^ Its role in CRC is less clear, both in colon and in rectal cancers, it can be performed in vivo or ex vivo with various substances: blue dyes, fluorescent or radioactive tracers. After the formalin fixation, the SLNs are paraffin-included, embedded and sectioned. These sections are stained with Hematoxylin-Eosin (HE) and, in case of negative lymph nodes, Immunohistochemical (IHC) evaluation follows.^\[[@R19]\]^ Numerous studies have evaluated the SLN approach to CRC, especially in terms of ultrastaging to better identify the population that would benefit from an adjuvant treatment, regardless of the T stage of disease. Few are those focused on its application to the earliest stages, in particular as a procedure to provide oncological providence for local resection techniques in early CRCs. The aim of this systematic review was to investigate the role of SLN mapping procedure in T1 CRC.

2. Methods
==========

2.1. Literature search and selection criteria
---------------------------------------------

A systematic review was conducted in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.^\[[@R20]\]^ PubMed and Embase databases were searched until October 2018 to identify publications regarding SLN mapping in patients with T1 CRC. The main keywords used for the search were: "sentinel lymph node", "lymph nodes", and "colorectal cancer". References from included studies, review articles, and editorials were cross-checked for additional relevant publications. Selection of eligible studies was undertaken independently by 2 investigators. All the discrepancies between the 2 authors (DBS and CGT) were solved by discussion involving a third author (CM). We included only English language publications and if quantitative results were not presented separated for T stage or SLN study and histopathological performance parameters could not be extracted from the presented data, studies were excluded.

2.2. Data extraction and reference standard
-------------------------------------------

The same 2 investigators extracted relevant data from all full-text publications using a standardized data abstraction form and a cross-check was made to ensure validation. The data extraction form comprised the following items for only T1 CRC groups of each study included: study design; patients with SLNs identified; patients with no SLNs identified; method of SLNs identification; histopathological technique used; number of correct predictions; false negatives. Two review authors independently assessed the risk of bias and quality of the included studies using Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2)^\[[@R21]\]^ tool. The tool comprises 4 domains: patient selection, index test, reference standard and flow, and timing. Each domain has been assessed in terms of risk of bias, and the first 3 domains were assessed in terms of concerns regarding applicability. Two reviewers (CGT and CC) scored studies independently and any difference in score was reassessed by an independent reviewer (CM). Each item was scored low, high or unclear. Studies which scored "low" on all 4 domains were considered to have an overall "low risk of bias and low concern regarding applicability". If a study was judged "high" or "unclear" on 1 or more domains, then they were considered "at risk of bias or concerns regarding applicability". No studies were excluded due to poor quality or lack of reference standard.

2.3. Outcome investigated
-------------------------

The primary outcome was SLN accuracy rate, which is the percentage of correct predictions of the nodal status by SLN mapping procedure. The secondary outcome was SLN detection rate. Standard definitions were used and outcome parameters may differ from the original manuscript. The following definitions were used:   

2.4. Statistical analysis
-------------------------

Graphical display for QUADAS-2 results was created with SPSS version 16.0 (SPSS Inc., Chicago, IL).

3. Results
==========

3.1. Study identification and characteristics
---------------------------------------------

The search results are presented in Figure [1](#F1){ref-type="fig"} in the format of the PRISMA guidelines. A total of 94 studies were eligible, 78 were excluded because the information was not distributed for T stage or was distributed in 2 groups (T1 and T2/T3 and T4). Other 4 studies^\[[@R22]--[@R25]\]^ were excluded because the results are presented stratified for T stage only as general characteristics of the patients included, without presenting specific information distributed for T stage on failed SLN mapping or false negative cases. 12 studies,^\[[@R26]--[@R37]\]^ comprising 108 patients, met inclusion and exclusion criteria: 8 of these were monocentric cohort studies and 4 were multicentric cohort studies. In 7 of these studies, the efficacy of a single SLN mapping technique in a single cohort was investigated. In 3 studies with a single cohort of patients, the combination of 2 types of dye was investigated. In 2 other studies, the comparison of Ex Vivo and In Vivo technique was investigated, among them 1 with 2 cohorts and 1 with a single cohort of patients. Table [1](#T1){ref-type="table"} summarizes the results. The number of successful mapping, false negatives, method of SLN identification and histopathological technique were reported by all studies. In 7 studies the SLN mapping was performed in colon and rectal cancer, but only in the study by Sommariva et al,^\[[@R31]\]^ the information on tumor location is specified for each T stage. In 5 studies SLN mapping was performed only in colon cancers. The quality assessment using the QUADAS-2 checklist showed a variable risk of bias and applicability concerns across the studies. Table [2](#T2){ref-type="table"} shows the quality assessment results of each study and Figure [2](#F2){ref-type="fig"} shows the graphical display of results. All included studies were considered at risk of bias or concerns regarding applicability.
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3.2. SLN accuracy rate
----------------------

The results demonstrate that the rate of SLN accuracy varies from 89% to 100%. Only 1 false negative out of 108 patients were found. In 7 of 12 studies, ultrastaging was performed by IHC: in 5 studies with cytokeratin AE1/AE3, in addition to them in the study of Liberale et al^\[[@R27]\]^ PCK26 was used and in the study of Andersen et al^\[[@R26]\]^ cytokeratins group A was preferred. In this systematic review, the single study different from 100% and with a lower rate of SLN accuracy of 89% (1 false negative out of 9 cases) was the study by Terwisscha et al,^\[[@R27]\]^ which is the only 1 to use for IHC staining just CAM 5.2.

3.3. SLN detection rate
-----------------------

From the results of this review, in 7 of these 12 studies, for a total of 71 patients, was reported the total number of T1 included and in how many of them the procedure was successful. Only 1 case of failed procedure was found. The rate of SLN detection varies from 92% to 100%. The in vivo technique was investigated in 4 studies, the ex vivo technique in another study, while both techniques were used in 2 of these studies. The study presenting a different rate from 100% was the study by Viehl et al,^\[[@R29]\]^ which is the only 1 where it was used Isosulfan blue as dye with an in vivo technique.

4. Discussion
=============

According to the results of the last studies about SLN in CRC, this technique has an important role in improving staging by additional staining. It has been demonstrated that SLN mapping results in an increased proportion of N1 patients with a corresponding better prognosis of the N0 patient group. This would be an additional reason to recommend mapping in patients with CRC.^\[[@R38]\]^ In the meta-analysis by van der Zaag et al^\[[@R39]\]^ the mean upstaging rate of 19% was found, including isolated tumor cells (ITC) (tumor cell deposits \<0·2 mm) and micrometastases (tumor cell deposits of 0·2--2·0 mm). The prognostic value of ITC is still unclear. As long as the prognostic significance is not sorted, the AJCC recommends additional treatment only in patients with micrometastases. The in vivo technique is preferred since this procedure has the advantage of identifying aberrant lymphatic drainage with the possibility to adjust the planned resection.^\[[@R40],[@R41]\]^ The meta-analysis by van der Pas et al^\[[@R42]\]^ shows an overall acceptable identification rate for the procedure (94%), beyond the T stage. The same meta-analysis demonstrates a low sensitivity with an accompanying false negative rate that can even reach 30,4%. Due to these conflicting data, all meta-analysis^\[[@R39],[@R42],[@R43]\]^ agree on that SLN mapping cannot replace routine examination of the complete mesentery and is emphasized that SLN mapping in CRC, differently from breast cancer and melanomas, should not be used for therapeutic purposes but mainly to refine staging. However, analyzing the data of these meta-analysis, they refer mainly to advanced stages of the disease because there are few data available on the earlier stages and in particular related to T1. The stage of disease is important, for breast cancer SLN is proposed for T1--2 tumors. In the series of CRCs studied with the SLN, we often found more than half of the patients with T3--4 tumors.^\[[@R43]\]^ In the CRC, it was shown that massive lymph node involvement could be the cause of the high false negative rate. Cahill et al^\[[@R44]\]^ suggest that the lower sensitivity in advanced cancers is probably due to obstruction of afferent lymph vessels or nodes by the tumor, changing lymphatic drainage. It must also be stressed that SLN mapping of patients with CRC is a difficult technique, and a learning curve of at least 5 cases has been described.^\[[@R45]\]^ Evidence suggests that once SLN mapping is undertaken by a skilled team, reasonable levels of accuracy (98%) and sensitivity (96%) are achieved.^\[[@R46]\]^ Anyway, because of progress in diagnostic technology and screening programs, diagnosis of colon and rectal cancer will occur more and more at earlier stages. The histological predictors of resected polyps tend to be much more sensitive than specific.^\[[@R12]\]^ As a result, morbidity and mortality due to unnecessary extensive resection, including mesenteric lymph node resection, will increase.^\[[@R47]\]^ The number of lymph nodes analyzed has been recognized as a prognostic factor for a long time,^\[[@R48]\]^ but the information collected in this review relating SLN mapping in T1 CRC could lead to an important contribution of the SLN concept in gastrointestinal tumors. Results from various studies showed that in vivo mapping has the same accuracy as the ex vivo.^\[[@R49]\]^ In addition, endoscopic procedures as EMR or ESD combined with endoscopically SLN mapping are already performed,^\[[@R50]\]^ as we can see in the studies by Yan et al^\[[@R30]\]^ and Sandrucci et al^\[[@R31]\]^ included in our systematic review. For this reason, if the pathological analysis confirms a T1 low-risk stage, the next day could be added to polypectomy a laparoscopic SLNs dissection for lymph nodes assessment. New techniques for better lymph-node assessment are going to be validated. The 1-step nucleic-acid amplification method is believed to be a quick (within 20 min) and reliable technique for perioperative lymph-node assessment^\[[@R51]\]^ and if positive, additional radical treatment could be done in the same surgical session. Synchronous laparoscopy has indeed already been advocated for the endoscopic resection of certain difficult or large polyps.^\[[@R52]\]^ Furthermore, it seems likely that increasing experience with transluminal peritoneal access and intervention (NOTES) could mean that selective lymph node dissection without abdominal wall ingress will be practicable in the near future.^\[[@R53]\]^ In this way, SLN mapping would acquire a decisional role on the treatment of T1 CRC. If we consider all studies published on breast cancer, where SLN has been extensively studied, we have 8.4% (0%--29%) false negative rate.^\[[@R54]\]^ In our review, the false negative rate in T1 CRC is very low. Since there is already a tendency to be conservative for some T1, on a prediction of lymph node diffusion based on the histopathologic characteristic of the polyps, the study of SLN could provide more reliable data. Cahill et al^\[[@R55]\]^ have already investigated SLN mapping as a procedure to provide oncological providence for local resection techniques in early CRCs. Overall treatment decision based on SLN assessment alone is still not safe, 12 studies and 108 cases are not enough to ensure that this can be applied. In the future, additional studies are necessary to confirm this high accuracy rate in T1 CRC especially with in vivo technique. Other future studies should focus on the comparison between SLN procedures and histopathologic ultrastaging in the radically treated high risk T1 CRCs, to identify which of the 2 techniques is more effective for lymph nodes assessment. Major drawbacks of our study are a small number of cases and a clinical heterogeneity across studies concerning patient selection, technical details of SLN procedures and pathological analysis. As with all the systematic reviews, the possibility of publication bias should be considered, taking into account also results of QUADAS 2 assessment showed in Figure [2](#F2){ref-type="fig"} regarding the quality of the included studies. To increase the precision of pooled results, future studies need to be more homogeneous. In conclusion, this systematic review shows an accuracy rate of SLN mapping in patients with T1 CRC that varies from 89% to 100% and a detection rate of SLN that varies from 92% to 100%. Additional studies are necessary, but a decisional role of sentinel lymph node mapping on the treatment of T1 CRC is possible in the future.
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